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INTRODUCTlON 
The purpose of this investigation was to determine the 
growth factors of Endamoeba histolytica in order to be able to 
grow this organism in a pure bacteria-free culture. It was 
also the purpose of this study to determine the antigenic 
constitution of the amebas and to learn more of the possibi-
lities of developing a sensitive serodiagnostic test for 
amebiasis. The data are herewith presented, analyzed and 
evaluated. 
1 
REVIEW OF THE LITERATURE 
Cultural Aspects 
Endamoeba histolytica, the etiological agent for amebiasis, 
was first cultivated in the presence of a mixed bacterial flora 
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in 1925 by Boeck and Drbohlav (11, 12). As early as 1916 Penfold 
et al. (94), Yoshida (154), and Cutler (34) claimed to have cul-
tivated E. histolytica. However, protozoologists could not con-
firm these reports. Thus Boeck and Drbohlav (11, 12) were credited 
with the first unequivocal successful cultivation of E. histolytica. 
Their medium became known as the Locke-egg-serum (L.E.S.) medium 
since it consisted of slants of inspissated whole egg overlaid 
with serum and Locke solution. Boeck and Drbohlav maintained 
cultures of the amebas by subculturing every 48 hours; the usual 
method of making transfers consi sted of withdrawing a few drops 
of the sediment at the bottom of the culture tubes by means of a 
sterile capillary pipette and inoculating fresh tubes of the medium. 
In England, Dobell and Laidlaw (37, 38) modif ied the 
Boe ck-Drbohlav medium and made an intensive study of E. histolytica 
and other amebas in cultures. Starch was introduced into the 
medium since they felt that the starch particles could be ingested 
by the amebas and thus supply an abundant source of carbohydrate. 
Numerous modifications of the Boeck-Drbohlav medium 
appeared during the next 25 years. The many media available are 
summarized in Table I. Cleveland and Collier (16) used a liver 
infusion agar slant covered with serum and saline; serum was 
substituted by Lilly liver extract no. 343 by Frye and Meleney 
(50). The advantages of using liver extracts were that the 
media could be resterilized several times without injury, that 
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it was inexpensive, that it was available as a commercial prepara-
tion, that it was easily prepared for use, and that it required 
much less aseptic manipulation than serum. It is obvious from 
Table I that most of the media are slight modifications of the 
original Boeck-Drbohlav medium; their advantages and their 
superiority in maintaining E. histolytica has not been established. 
It is the opinion of many workers that the Boeck-Drbohlav medium 
is still the most reliable medium for t he cultivation of the 
amebas in the presence of bacteria. 
Notable advances in the cultivation of E. histolytica with 
other organisms include the work of Rees and his co-workers (106) 
in initiating a monobacterial associated culture of the amebas; 
using a micromanipulator single amebas were isolated and asso-
ciated with single species of bacteria. In 1950 Phillips and 
Ree s (95, 98) were able to culture ~· histolytica in t he presence 
of Trypanosoma cruzi instead of bacteria. It is important to 
remember, however, that any associated org anism will make it 
difficult to interpret the nutritional requirements of the amebas . 
The ultimate goal of parasitologists s tudying this proto-
zoan is a bacteria-free pure culture. With such cultures exact 
nutritional requirements, metabolic patterns, and enzymatic make-
up of the amebas will become known. It may even be possible to 
!.ABI.m I 
MecUa for tha CultiT&tion of '='•poe)& hidobtica ill tu Presence of Bacteria 
Penfold !.1 Al. (1916) 
Yoahida (1,18) 
Joeck & DrbohlaT (1~5) 
DrbohlaT (1,25) 
Debell & I.aidla.v (1,26) 
Crate (1,26) 
Crai& & St. John (192?) 
!aube & Chiba (1,28) 
Cl8Yelau! & Collier (1,30) 
st. John (1,32) 
'·~ (1,32) 
.Aa!.ren .at AJ.. (1,33) 
latelU'fe (1,34) 
'h7e & Melenq (1'3') 
MeleM7 U. Al· (1939) 
Baea .11 Al,. (1,42) 
:Balaaa.th & Samsa (19~) 
J&l.alru.th (19!16) 
Hl tohcock & Rawson (19~) 
~i & m1 Xol'd1' (1946) 
DeLaater & JlallJB&!l (1947) 
Eanaen & ADderaon (1948) 
lanaen (1,50) 
Phillips & Bees (1,50) 
Scun J1 .11- (1,52) 
Get.&n & hcbr (1,53) 
Do41JL (1,54) 
(aoM 
(DOne) 
Vhole ecc 
lllood acar 
~bole ecc. Locka aolution 
(aone) 
(nona) 
Whele ecc 
Linr iD.tuion acar 
(DODe) 
(none) 
Whole'" 
Linr illttlaion apr 
Whole eg, RiDCer aolutioa1 
Coacul&tec! Loeffi•r'• aena 
Whole ecc, Rtncer solution 
(aoM) 
(none) 
(none) 
(n<me) 
(none) 
(aoM) 
(none) 
(noDe) 
(none) 
(no») 
(aone) 
Ceagulated sera 
• 
»utrien' brotht ,anoreatic dlceat 
Jlorae se1'111l, liiDcer aolution, erythroc;ytea 
Serua, Loeb solution 
•cc wh1 te, RiJacer solution 
Seram, Locke solution, rice starch 
Serua, Loca solution 
Sel"UUl, aaliDI 
Locke solution, rice starch, aeparaciM 
Serum, Nl.1U 
Locke solutioa. po1114ered heart IIU8cle 
•utrient broth, rioe s~ch. charcoal 
Locke sol,tion, aerua, fecal eztract 
Saline, rice staroh, acin 
Saliu, rioe flour, LUll' linr extract 
Seraa, Rtmcer solution 
Loeb aolutioa, rice flour, .t toae, dextrose, 
crOUDd ecc slutU 
lnhaion of coacuJ,ated ecc 70lk, Mlta, 1fileon•s 
liTer extract, rice atareh 
Intuaion of debldrated ecc 7olk, aalts, YUaon'• 
liTer extraot, rice a\&rch 
Difco llacto deltJd.:N.ted c~ated. eu 7oli, 
. saliu, rice powder 
lfldatid fluid; extract of dried ~&tid 
scolices; to.ato Juice 
Serua, e&~ white intasion, rice starch 
Salta, aaiDo &cidl, T1taaina, DUCleic acids, 
choleaterol, rice powder 
Peptone, liTer extract, salta, cholesterol, 
rice :p0¥ler 
Sodium thioC].;ycoUate, teypanoaoMa, 'blood 
Bovine a.aiotic tluid 
~erua, liTer, e17\hroqtea, vitaaiu 
l;rdatid fluid; boTine 8JII11.ot1c tll\id 
... 
cultivate E. histolytica in a synthetic medium. A pure culture 
of the amebas will make possible a more exact study of the 
immunology of this organism and the evaluation of chemothera-
peutics in vitro. 
Research work along the lines of establishing a bacteria-
free culture of E. histolytica was initiated in 1947 by Jacobs 
(69, 70). His medium consisted of an egg slant overlayed with 
Locke solution containing nheat-killed" Escherichia coli (56-
65 C for 2 hours) and rice powder. This medium was inoculated 
with a culture of E. histolytica growing in association with 
Clostridium perfringens; penicillin (100 to 200 units per ml) 
was added to the culture tube to inhibit the latter. Thus, a 
relatively bacteria-free culture of amebas was maintained for a 
period of several months. However, growth proved scanty (less 
than 1 ameba per low power field) and Jacobs did not clearly 
establish that the heat-treated bacterial fraction was dead 
rather than only partly inactivated. Jacobs admits that all 
the bacteria introduced with the ameba inoculum were not killed; 
possibly because of the low concentration of penicillin used. 
This type of culture was difficult to initiate and in a number 
of attempts to duplicate the results with other series of cul-
tures, the amebas survived only one or two transplants in three 
such attempts. Other laboratories attempting to repeat Jacobs' 
work were unsuccessful (73). 
Shaffer and Frye (126) and Shaffer et al. (127, 128, 129) 
in 1948 conducted experiments along similar lines and claimed to 
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have maintained a strain of E. histolytica through 100 trans-
plants in the absence of an actively multiplying bacterial flora. 
Twenty-four hour cultures of the NRS bacterial flora(associated 
bacterial flora of the NRS strain of E. histolytica) were placed 
in a 58 C water bath for four hours. To this pre-conditioned 
material sodium thioglycollate, glucose, horse serum, rice flour 
and penicillin (1,140 units per ml) were added. The bacteria 
introduced along with the ameba inocula were inhibited by the 
penicillin although complete sterility was not obtained. Growth 
of amebas was excellent with 25 to 50 trophozoites seen per low 
power field, however, the heat-treatment of the pre-grown bac-
teria added to each culture was insufficient to cause complete 
sterilization, necessitating the continued use of antibiotics 
for suppression of bacterial growth, and leaving in doubt the 
actual source of the growth-stimulating principles. 
Karlsson (71, 72) investigated growth-stimulating factors 
in autoclaved bacteria. His assay procedure for growth factors 
consisted of inoculating a liver-proteose-peptone medium (Hansen, 
1950) with ameba stock cultures containing bacteria. The medium 
contained antibiotics to inhibit ot kill the bacteria introduced 
and the experimental tubes contained factors which were being 
assayed for their ameba-growth-stimulatory activity. This method 
consisted of studying growth factors for the amebas in single 
experiments without the necessity of subcultivation. Karlsson 
postulated that any substance which would stimulate growth of 
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the amebas or prolong its survival in an environment containing 
killed bacteria was a growth factor required by t he amebas and 
was ordinarily supplied by the associated bacterial population. 
Table II summarizes the available methods of growing 
E. histolytica temporarily without bacteria or in an environment 
with few multiplying bacteria. 
To date very few growth factors or growth stimulants 
have been established for the amebas. Snyder and Meleney (1943) 
established cholesterol as a required factor for E. histolytica 
although the method of assaying cholesterol at that time left 
much to be desired. The majority of studies performed on the 
growth factors of the amebas were carried out in cultures of 
E. histolytica growing in the presence of luxuriously metabolising 
bacteria. Under these circumstances it is not clear whether the 
growth factor is stimulating the amebas or the associated bac-
terial flora. Shaffer and Frye (126) vffire the first to study 
nutritional factors of the amebas in an environment where the 
bacterial activity was at a minimum. Karlsson et al. (71, 72) 
used a similar method to establish that autoclaved bacterial 
cells contained a growth factor for ~· histolytica. Cult ure 
tubes containing the growth-stimulatory autoclaved bacterial 
cells had ameba counts of 6-10 per lovr power field, whereas 
control tubes without growth factor additions had counts of l-2 
amebas per low po1ier field. Subcultivation into fresh tubes 
containing similar components was not successful. Dried bac-
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IDcredient• of Media ~on which L hlatolnica baa been 
!e~~poraril.T Ka1nainl4 Without ~teria or in a JlllTil"on-
MDt OontaiAiDC J'ew l.iTiDc :Bacteria 
Jaooba (~, 70) 
Shaffer .11 A}.. 
(125, 126, 127) 
s.lun .U A).. (113) 
BaJruura (85) 
krliBOD (71, 72) 
Saito (114, US) 
Shaffer U. a1.. (130, 131) 
OMQoaent• ot Jl!cUa 
Bea\-treated. bacteria, Loeb solution, 
eorua, rice •t~ aAt1biot1c• 
Superzaate hoa a 2.4-Uur 'Mcterial 
cul tuoe, centritgpd filtrate :troa 
bacterial culture, horto aoraa, 
eallDe, aatibiot1c• 
hY1De al1iotio tl:aid, bactorieJ. 
IIUJ)8U1on of a ~ur cul turo, 
antibiotic• 
Suoo1D1c da!VdroceDUe preparation, 
eocliua thioC}Toollace, t17.Ptioaae, 
cloxtroae, aau ... 
Linr-,protooeo-peptou IDICliua, clu.cote, 
rice ataroh, aocliu thiocl.Toollato, 
autoc~ bacterial cella, antibiotica . 
J1cc 78lk iDtuion, M&t-Cilled Olottridium 
wlohS,i culture (100 C), rice tl.our, 
antibiotiot 
Kalak'• baluctd t&l.t aolution, her .. aerwa, 
ohiok olll»rTo u1traot, ponic11112l 
(koxth ot •=b" 
Poor 
Poor 
Pool" 
Poor 
Good 
terial cells showed some stimulus (4-5 amebas per low po\rer 
field) but ether extract, alcohol extract, acetone extract, and 
water extract of the bacterial cells had no growth-stimulating 
properties. Karlsson stated that the amebas obtained the stimu-
latory principle only by ingestion of the bacteria since bacteria-
free filtrates of the autoclaved cells and Seitz filtrates of an 
actively grovdng 24-hour culture did not have this stimulatory 
property. 
Table III lists some of the factors which have been re-
ported as being stimulatory to the amebas; Table IV lists some 
of the factors which have been studied and were found to be 
without ameba-stimulating properties. 
Numerous reviews have -appeared in press dealing with the 
problems encountered in the cultivation of E. histolytica and 
with studies on its physiology, nutrition, and metabolism 
(Anderson et al., 1953; Lwoff, 1951; Nakamura , 1953; Porter, 
1953; Frye, 1951; Balamuth and Thompson, 1955; and Rees, 1955). 
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·!ULB III 
Data from Literature on CJ.rovth Jactora of~. hittolriica 
Growth J'actor or Q.rowth St1Bml&t1Dc 
Prhcipla 
Chole.terol 
:Bachrial cella, but-treated, S'-60 C 
Bacterial cella. au.tocl&Ted 
Bacteri .. free tu trate from culture 
containizlc a aW.-tiple flora 
lleMC].obin 
Heat stable, dial.7sable aubttance trOll 
prote~tne taction of ho•n eeraa 
Some 1lDlmowA CO~ODIZlt in IIC wb.Ue 
SOllll unknown compount in de]Vd.ra\14 
coagulated eg 70lk 
Choletterol, Titaaine of J OOIIflez, •• 
white (in comb1Dation) 
Oholetterol, oleic ac14 (in coabiDatioa) 
Erlracta of h1man. fecea 
Jlr,ythroeytea 
Carb~cin ()lepeaycin) 
ll8at eiable eztract of 1inr acetone 
po1der 
lrosen and thawd. bacterial cella 
Mac in 
llefera:ace 
(42, lJS) 
(''· 70) -
(?1, 72) 
(126) 
(,36, 153) 
(JS) 
(108, 152) 
(64) 
(197) 
(56) 
(?J) 
(J) 
(67) 
(12J, 124) 
(76) 
<"· 100, 101) 
(117, 118, 11,, 120) 
(10.), 145) 
Pretence of 
ActiTel7 Growtac 
AetpciMed. :Bacteria 
Jro 
Jro 
lo 
Yea 
Yet 
Yet 
Tea 
Yet 
l'o 
Yea 
Tea 
Yea 
Yet 
Bo 
Yet 
Yea 
Yea 
!AlU IT 
DaW. from Literature on Subat&DCea !eeted which d.id not have a Stilmlato17 
J.ction on 1,. h.iatolYtica 
Su'bataJLc!a !eetlll 
DMd 7eaet, 78Ut Juices, ether-killed 'bacteria, bacterial 
pl.aamoptJS&UI 
J'eaal pa.rticlea, fecal enra.ctl 
Kther, alcohol, acetou, &D! vater extract. of bacterial cella 
OaaeiD~te 
J71"1clox1De, ucorbic acid. T1 tamin X 
~terial. cul.tve rutratiee, killed. bacter1&1 cella 
Chick em'b17o 
Diphoaphotbiu' •• P71"14ox!M 
'r!Mne••• CJWi ~wate4 . so c, 10 llinute• 
!mso•W: orgi l:Lo110C8D&tea, troaen aDl thawecl. driecl, water-
treated, hl'drochlor:S.c ac1cl-treatec1, ethar-treated, tU \rate 
Blfenace 
(6,, 70) 
(1'7) 
(38) 
(?1, 72) 
(1) 
(,3') 
(105) 
(46) 
(?6) 
(8?, ,s, 
ot cultva. nperD&te of cu1ture ('7) 
Jlcc vhi te (1~) 
Tl')"pa1n dipet of '"' extract• of 'beet l1Yer1 ami:a.o ac14 
combiu.tiou, filtrate• of bacterial cultures, hMt-killed. 
bacteria (110) 
Krythroqtee (112) 
Chick aabr,yo t1a•• hoo&'nate (131) 
Ieat-tille4 bacteria. b1le aalte, ercoaterol (135) 
Lactic acid (1)8) 
Aspartic ac:l4 (') 
(Jlucole (6o) 
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Immunological Aspects 
The first serological study performed on Endamoeba 
histolytica was the complement fixation studies done by Izar in 
1914 (68). Out of 5 amebic patients tested several gave a posi-
tive complement fixation test. Of 4 cats infected experimentally 
with E. histolytica, positive reactions were obtained from 3 cats. 
Rage (1920) repeated Izar's work but was unable to confirm the 
earlier studies. However, Sca1as (1921) successfully repeated 
and confirmed Izar's complement fixation tests. In 1924 Wagener 
(148) described a precipitin test for amebiasis. She took 
scrapings from ulcers of infected cats and extracted these with 
Coca's fluid. Cats experimentally infected for over one week 
developed precipitins. 
The most extensive study on the complement fixation test 
for amebiasis was performed by Craig (20, 21, 22, 23, 24, 25, 26, 
27, 28, 29). The antigen for the complement fixation studies 
was prepared by growing E. histolytica in Boeck-Drbohlav•s L.E.S. 
medium and extracting the cultures with alcohol. A control anti-
gen was prepared using similarly treated bacterial cells. Of 
225 blood samples taken at random, 92.3 per cent of individuals 
who had~- histolytica in their stools gave a positive complement 
fixation test. One per cent of the sera tested yielded false 
positive reactions. Craig concluded that the complement fixation 
test was specific for E. histolytica and that cross reactions did 
not occur in individuals infested with Endamoeba coli, Endolimax 
~' Iodamoeba wi1liamsi, Trichomonas hominis and Chilomastix 
mesnili. 
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In later studies, Craig took 623 blood samples at random 
and found that 67 (10.7%) gave a positive complement fixation 
test. Sixty one of the 67 with a positive complement fixation 
reaction had demonstrable parasites ~- histolytica). The most 
disturbing observation was that not all of the antigen extracts 
prepared by Craig had antigenic properties and many of the alco-
hol extracts of ameba cultures could not be used for the comple-
ment fixation tests. Craig et al. (31, 33) found that the ~· 
histolytica antibodies disappeared two to four weeks after the 
elimination of amebas from the animals. 
13 
Menendez (1932) performed serological studies on ~· 
histolytica which included complement fixation, precipitin, ameba-
lytic and skin tests. He concluded that all strains of amebas 
were immunologically identical. Heathman (63) also came to the 
conclusion that the precipitin, complement fixation, agglutination, 
and skin tests were effective and that all stra ins of ~. histolytica 
were immunologically identical. On the other hand, Spector (136) 
felt that the skin test was of no value in diagnostic testing. 
According to Spector the precipitin and complement fixation tests 
were also of no value due to the lack of specificity. 
One of the greatest drawbacks in the serological studies 
of E. histolytica is the lack of a pure culture of this organism. 
Another is the lack of a potent ameba antigen since the popula-
tions of amebas in cultures are rather sparse. 
There appears to be two schools on the usefulness of the 
complement fixation test as a diagnostic aid. A tabulation be-
tween the positive complement fixation tests and clinical ame-
biasis in shown in Table V. In general it is agreed that the 
complement fixation test is of little value in the diagnosis of 
intestinal infections, whereas, there is a closer correlation 
between positive complement fixation tests and hepatic amebiasis. 
The false positive reactions still remain high; in particular, 
there is a very high false positive rate among people who are 
Wasserman positive (111). 
In addition, preparation of the ameba antigen has varied 
from worker to worker as evidenced from Table VI. 
Although the majority of immunological studies on~· 
histolytica dealt with the complement fixation test, other sero-
logical methods were attempted by various workers. Greif (1947) 
attempted agglutination of the cysts with antisera. There was 
non-specific agglutination by normal sera, plasma, gamma globulin, 
and normal horse serum; Greif concluded that this method of 
diagnosis was of no value. Cole and Kent (1953) described an 
ameba-immobilization test designed after the Treponema-immobiliza-
tion test. They observed that sera of rabbits immunized with E. 
histolytica had a tendency to cause motile trophozoites to cease 
forming pseudopods and to assume a rounded form. The percentages 
of immobilized trophozoites per field observed increased with 
increasing concentrations of antisera. In preliminary st udies 
on human sera from patients with amebiasis, it was shown that 38 
per cent of the sera caused immobilization of the amebas. 
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!Ami& T 
Da\a from I.iwrature on the ll811abU1t7 of tlw Ceapleaent fiution !eat tor 1. hiatol:rtie& 
!Jltect1ona 1n Htmua 
· bference Percent peait1Te 1n Percent pos1\1ft ill Pereen\ poait1n 1l1 Percent 
lmovll ca1ea of bLown cuee of caaea of L hiatolxtica tal .. 
... b1c bae».Mtt ••llc_ hn&ti tia ___ __in__tba •tool _ -aositift 
Craie (21~ n.3 1 
Craie (23 '1 1 
ne:rer (75) 78 
Web a a. Arnold (149) 75 79 70 4 
Paulaon & .bd.Hva (95) ,., 
llapth ct. MeleDq (., 32 
bea U. Al· (lo6) 70 12 
luae7 a. lrOWB ~65~ 2.4 8).-. 8 
Delbrl ~ if· 41 31.7 68 Dol.kart 40 37., 
Sllldo~ev & llaAcUaon ( ~) ,, ,, 
r.aq (74) '0 10 13e (10) 4.1 
luch•n .at· AJ.. (~) 33.S 
hl ton Ai Al· (51 '1 
llcJ)ea.r-.n a. Dunham (eo) 15 82 3 
Montero & Vribe (84) 77 80 
liM. (lU) n 
SaDdler (116) 73 
SJ- ctor (1)6) 
~ 
51 
' !erJ7 A losicertch (144) 
!ew:hip (147) 62.5 
los1ceT1ch (1)) 15 86 
~ 
Data from the Literature on 'he Different aticenic Preparatiou of 1. 
bflrtiLC! 
Craie (20) 
Me (10) 
Jlledon-Dev (4S) 
Gol411an (53) 
Beathan (63) 
Craie & Scott (32) 
:Bees ti Ai· (1o6) 
Leal (77) 
Meubles (82) 
Shervood (1)4) 
Spector (136) 
Stone (139) 
Svartsvelder (14o) 
Weill & Arnold (lZ.,) 
Wacener (1~) 
Isar (68) 
BosiceTich (13) 
Jda,olrlica uecl tor Serolocical S twU•• 
Alcohol enract, 37 C. 10 d.&T8 
8&li:ae enract, clelaicate to po14er 
J'rosen &lid thavecl 
Saline extract, ]TophU1se4 
Sal1na extrac~. o.4 per cent pbeDol addecl 
Alcohol extract of intetU.u ot infected clop 
J'rosen am. t.bawcl in Loeb aoluUon (coJIJD8rc1&l]T 
produce! by ~on, Weatcott, aa4 Dnnninc Co., 
Bal.U•re, MarTlaDl) 
Mlrthiolate alld aaU• extract 
Riacer solution extract 
lali.De extract; cleaaicated; ether extract 
Alcohol utract, 37 C, 15 dara; Coca aolution 
extract, 6o 0, 1 hour 
.Uoohol extract, ahaken wi~ claae Mada 
A4,UIIous extract of acrapiJic of inteatinal letiou 
Alcohol extract, 55 0, 7 clap 
Coca tolution extre.ct of acrapi~~&a of ulcera 
~ou extract of tecea; aquoU8 enrect of pua 
from aMble abace11 
• hcept in cues ttated otherwise, the &Mb&e for the anticen were 
obtained. br crowi:ac in culture media. 
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Goldman (53, 54) used the fluorescent antibody technique 
in studies with!· histolytica. Ameba antisera were reacted 
with a fluorescein derivative to form a protein-fluorescein con-
jugate. When this fluorescein antibody complex was added to the 
antigen (E. histolytica trophozoites) an antigen-antibody reac-
tion occurred causing the trophozoites to fluoresce when observed 
under the ultraviolet microscope. Unfortunately a similar fluo-
rescence was observed when~. histolytica-antisera (labeled with 
fluorescein) was reacted with Endamoeba coli trophozoites. 
Shaffer and Balsam (132) showed that ~. histolytica anti-
sera inhibited the ability of the amebas to phagocytose erythro-
cytes in vitro. Antisera against the associated bacterial flora 
also lm·rered the phagocytic index of the amebas. 
It becomes clear that the immunological studies onE. 
histolxtica have been very meager and little progress has been 
made compared to the advances in the immunology of ot her micro-
organisms. One of the main reasons for this is the lack of a 
pure bacteria-free culture of the amebas. It has also been 
thought that the ameba antigens are unstable and that antigens 
prepared from different ameba strains vary greatly in sensitivity 
and reactivity (65). A great deal can be learned of the immunology 
of~. histolytica if it were possible to culture this organism 
free of other associated organisms even if for only a temporary 
period. 
MATERIALS AND METHODS 
I. Strain of Endamoeba histolytica employed 
E. histolytica, NRS strain, was obtained from Dr. 
Quentin M. Geiman, formerly Associate Professor in Tropical 
Public Health, Harvard School of Public Health, presently Pro-
fessor in Tropical Medicine, Stanford University School of 
Medicine, San Francisco. The NRS strain was originally isolated 
by Clifford Dobell of England; Meleney and Frye obtained this 
strain from Dobell. Many American workers have done a consider-
able amount of work on this strain during the past 25 years. 
II. Culture media employed 
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A modified Boeck-Drbohlav medium was used for carrying 
the stock cultures of the amebas since it was found that most 
consistent and uniform growth of the amebas was obtained in this 
medium. The preparation of the medium consisted of the following 
procedures: (1) One dozen fresh eggs and 120 ml of Ringer solu-
tion were blended for approximately 5 seconds in a Waring Blendor. 
(2) The egg-Ringer suspension was tubed in pyrex glass test 
tubes (5/8 by 5 inches) in 4.0 ml amounts per tube. (3) The 
tubes were plugged with cotton, slanted and inspissated in the 
Arnold steam sterilizer at 75-80 C (with the door slightly ajar) 
for 3 hours. This procedure coagulated the egg suspension. (4) 
The tubes were then autoclaved at 15 pounds pressure for 15 to 20 
minutes. The solid slants were stored in the refrigerator until 
used. (5) The slants were overlaid with 5 ml of a normal horse 
serum-Ringer solution (1 to 5 dilution). Sterilization of the 
serum-Ringer solution was effected by filtration through a Selas 
filter. The horse serum was supplied generously by the Division 
of Biologic Laboratories, Massachusetts Department of Public 
Health, Boston. (6) Immediately prior to the transfer of amebas 
approximately 10 mg of sterile Difco Bacto Rice Powder (sterilized 
in the dry air oven, 170 C for 1 1/2 hours) was added to the 
culture tubes. 
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The cultures of~· histolytica were transferred on Mondays, 
Wednesdays, and Fridays of each week into fresh culture media. 
Transfer of the amebas was accomplished by using a capillary 
pipette with a rubber bulb attached and withdrawing approximately 
0.5 ml of the sediment from the culture tube. The NRS strain of 
~. histolytica has a multiple bacterial associate which grows 
abundantly in the serum-Ringer overlay fluid. 
The composition of Ringer solution is outlined below: 
Sodium chloride 
Calcium chloride 
Potassium chloride 
Monosodium phosphate 
Sodium bicarbonate 
Distilled water 
III. Assay of Growth Factors 
6. 5 g 
0.12 g 
0.14 g 
0.01 g 
0.20 g 
1000 ml 
The assay of growth factors was performed in an environ-
ment containing no living bacteria. This condition was achieved 
by adding 10,000 units of penicillin G per ml and 5,000 units of 
streptomycin per ml to the overlay fluid of the medium. The basal 
medium in which the growth factors were assayed consisted of: 
Basal Medium 
Ringer-Egg slant 
Ringer-Serum overlay 
Rice Starch 
Dextrose (5%) 
Sodium thioglycollate 
Penicillin G 
Streptomycin 
(1%) 
2.0 ml 
10 mg 
0.1 ml 
1.0 ml 
10,000 units/ml 
5,000 units/ml 
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The tests for growth factors were performed in duplicate and each 
test was repeated (4 determinations for each growth factor). Addi-
tional experiments were performed on growth factors which shovred 
ameba-stimulating activity. The inocula for the growth factor 
assay tubes consisted of two drops of a 48 hour stock culture of 
~- histolytica (containing the associated bacterial flora). The 
ameba inocula were adjusted by dilution to approximately 15 amebas 
per low power field of the microscope. Approximately 4 to 6 hours 
after inoculation of the assay media no living bacteria were 
present as determined by inoculating 150 ml bottles of fluid thio-
glycollate medium (Baltimore Biological Laboratories) with 
several loopfuls of the overlay fluid. The sterility tests were 
read at 24, 48, 72 and 96 hours before discarding. 
The experimental tubes in which the growth factors were 
assayed were sealed with vaspar (vaseline and paraffin) and incu-
bated at 37 C for 3 to 4 days. Control tubes containing only the 
basal medium were also inoculated. Control tubes containing 
neither antibiotics nor growth factors were also inoculated; these 
tubes were essentially similar to the stock cultures containing 
growing bacteria. After incubation the ameba counts were made by 
taking approximately 0.25 m1 of the sediment from each tube, covering 
with a clean cover slide, and counting the number of amebas per 
low power field. Ten fields from each sample were counted, two 
samples being taken from each culture tube. The average counts 
were recorded. Arbitrarily, compounds which stimulated ameba 
growth above 15 amebas per low power field were recorded as being 
growth factors for E. histolytica. This level was chosen because 
the inocula consisted of 15 amebas per low power field. 
IV. Serological Studies 
A. Antigens employed 
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E. histolytica antigens were prepared f rom amebas 
grown temporarily free of bacteria. The medium consisted of the 
basal medium (except normal rabbit serum was substituted for the 
normal horse serum) and adenosine triphosphate, ribose-5-phosphate, 
and in some instances autoclaved bacterial cells. These compo-
nents were found to be growth factors for E. histolytica in these 
studies. 
The amebas were harvested and frozen and thawed five to 
seven t i mes in 0.4 per cent formalin; merthiolate (final concen-
tration of 1/10,000) was added as a preservative. Antigens were 
also prepared by dessication, saline extraction and grinding with 
alundum, however, the frozen and thawed antigens in formalin were 
superior to the other methods. 
Additional antigens of other strains of E. histolytica 
and other intestinal protozoa were obtained from Dr. Morris Goldman, 
Scientist, Communicable Diseases Center, Parasitology Section, 
Public Health Service, Chamblee, Georgia and Dr. William Balamuth, 
Professor and Chairman, Department of Zoology, University of 
California, Berkeley. The antigens were prepared from their 
stock cultures according to my specifications which included 
freezing and thawing of 10 stock culture tubes and preserving 
with merthiolate. These antigens were tested immediately upon 
receiving so that the initial study was performed on antigens not 
more than 5 days old. A major difficulty was that all of these 
protozoan antigens contained an abundant bacterial population in 
contrast to my bacteria-free ameba antigens. Commercial E. histo-
lytica antigen in vials (Eli Lilly) was obtained from Dr. M. M. 
Brooke, Chief, Parasitology Section, Conm1unicable Diseases Center, 
Chamblee, Georgia. In total, the ameba antigens obtained included 
the following: 
E. bistolytica, strain #335 
E. histolytica, strain #22 
E. histolytica, NRS strain 
E. histolytica, strain lfK-14 
E. histolytica, strain #~-9 
E. histolytica, UC strain 
E. histolytica, DKB strain 
E. histolytica, Rees strain 
Endamoeba coli, strain #305 
Endamoeba coli, strain #387 
Endolimax~ 
B. Preparation of antisera 
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White rabbits weighing 2 to 5 pounds were immunized. 
Immunization was accomplished by intravenous injections, subcu-
taneous injections, or subcutaneous injections with adjuvant. 
The adjuvant mixture (47, 48) consisted of: 
1.5 ml Antigen (bacteria-free E. histolytica, 1,000,000/ml) 
1.0 ml Bayol F (Esso Standard Oil Company) containing 20 
mg % Mycobacterium butyricum cells 
0.5 m1 Falba (Pfaltz and Bauer, Inc.) 
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The animals were immunized with living trophozoites, frozen and 
thawed trophozoites, and formalin-treated frozen and thawed 
trophozoites. Intravenous immunization and formalin-treated 
frozen and thawed ameba antigens were the best. The marginal ear 
veins of the rabbit were injected; injections were given over a 
period of 14 days (injections being given every Jrd day) with a 
total of 10,000,000 amebas being injected. Seven days after the 
last injection 15-25 ml of blood were drawn from the marginal ear 
veins. Additional blood samples were taken from time to time for 
a period of several months. The sera were obtained by centrifuga-
tion of the blood after allowing the blood to clot overnight in 
the refrigerator. The sera, to which merthiolate (1/10,000) was 
added, were stored in the refrigerator until ready for testing. 
C. Agar gel double diffusion tests 
The anti-sera collected were titrated against the 
bacteria-free ameba antigens using the agar gel double diffusion 
technique of Ouchterlony (1948). The agar gel plates consisted 
of a base layer of 1 per cent agar in saline containing 1 per cent 
phenol as preservative and a surface layer of agar poured around 
a mold. Each agar gel plate contained three small square holes; 
each hole had a capacity of approximately 0.2 ml. After placing 
the material to be tested in these holes, the plates were incu-
bated at 25 C and read from time to time for approximately 30 
days. A reaction between antigen and antibody consisted of thin 
white lines of precipitate in the agar. 
Typical reaction lines as they appeared in agar plates 
are sketched below. 
1. Bacteria-free E. histolytica antigen 
2. ji. histolytica antiserum 
3. ~. histolytica antiserum 
Conventional precipitin tests were not employed since 
the tests were usually negative unless the antibody levels were 
very high. The advantage of the agar gel technique is that the 
reaction occurs at optimal proportions and precipitate continues 
to form as reactants continue to diffuse through the gel. Conse-
quently the amount of precipitate eventually becomes sufficient 
to be easily visible. 
D. Assay of human sera 
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Human sera from individuals presently infected with 
~· histolytica or presenting a history of amebiasis were assayed 
by the Ouchterlony agar gel method. 
E. Culture inhibition tests 
The ability of~· bistolytica-antisera to inhibit 
growth of amebas in vitro was studied in bacteria-free cultures. 
Antisera was added to the basal media fortified with growth factors 
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(as in III). Control tubes contained normal rabbit sera. After 
inoculation of the media with amebas, the tubes were incubated at 
37 C for 3 to 4 days and ameba counts made by the method described 
on page 20. The ameba populations in media containing E. histo-
lytica-antisera were compared with ameba populations in media 
containing normal rabbit sera. 
RESULTS 
Cultural Studies 
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Growth factors for Endamoeba histolytica have been identi-
fied. These factors have been tested with ameba cultures grown 
free of bacteria; the antibiotics employed in the assay media 
sterilized the associated bacterial flora as indicated in Table 
VIII. Although penicillin alone (5,000 units/ml) has been shown 
to completely inhibit the associated bacteria, for all the assays 
both penicillin (10,000 units/ml) and streptomycin were employed. 
In no case did bacteria grow in the experimental assay culture 
tubes with this combination of antibiotics. The culture tubes 
containing penicillin were clear and sterility tests performed 
on these tubes were all negative. The control tubes not contain-
ing growth factors did not support amebic growth and at the end 
of 3 to 4 days of incubation practically no living ameba could 
be seen. 
Of the numerous biological materials tested, autoclaved 
bacterial cells and yeast dialysates possessed ameba-stimulatory 
properties, whereas, chloroform, formalin, and ether extracts of 
the bacterial cells, autolyzed bacterial cells, fresh liver 
preparations and fresh yeast preparations did not stimulate amebic 
growth under bacteria free- conditions (Table IX). 
It appears from these studies that metabolites of nucleic 
acid metabolism are important in the growth of the amebas. Ribose-
5-phosphate, adenosinetriphosphate, purines and pyrimidines were 
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all found to be growth factors for I· histolytica (Table X). 
Ribose-5-phosphate, adenosinetriphosphate and autoclaved bacterial 
cells in combination produced a tremendous increase in the ameba 
population of up to 220 amebas per low power f ield a s compared to 
1 per low power field in control cultures and 42 per low power 
field in stock cultures. Purine and pyrimidine bases assayed 
individually possessed ameba-stimulatory activity and when tested 
in combination the growth of amebas was increased to 277 per low 
power field. On the other hand ribo-nucleic acid and desoxyribo-
nucleic acid, either singly or in combination, were without effect 
on the amebas. 
In Table XI are listed the enzymes and coenzymes assayed 
as growth factors for E. histolytica. Coenzyme A, diphosphopyridine 
nucleotide (Coenzyme I, DPN), triphosphopyridine nucleotide (Co-
enzyme II, TPN) and the citrovorum factor (Coenzyme F) were co-
enzymes found to be required by the amebas f or growth. Cocarboxy-
lase did not show any growth factor effects. The succinoxidase 
system possessed ameba-stimulatory activity a s did cytochrome C 
while catalase was without activity. Excell ent growth of amebas 
free of bacteria (232 amebas per low power field) occurred when 
Coenzyme A, DPN and TPN were combined. 
Fructose-1,6-diphosphate, oxalacetic acid, pantetheine, 
asparagine, cyanocobalamine (vitamin B12), folic acid and malonic 
acid were also identified as requirements f or E. histolxtica growt h. 
The results are summarized in Table XII. 
The assay of growth factors was performed in single 
experiments without transfers. Culture media contai ning growth 
factors maintained the amebas (without transfers) f or 9 to 10 
days. When subcultivation was attempted into fre sh media con-
taining the growth factors, the amebas did not survive. Media 
containing ribose-5-phosphate, ATP, DPN and autoclaved bacterial 
cells did maintain bacteria-free amebas for 3 subcultures for a 
total of 14 to 15 days. From Table XIII it can be seen that 
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even when first cultures had high ameba counts t he next subculture 
had practically no amebas. 
In spite of the fact that many growth factors had been 
identified, subcultivation of the amebas was very difficult. 
Probably some labile metabolite was as yet unidentified. It .is 
probable that most of the growth factors ident ified are ordinarily 
supplied by the associated bacterial flora in the st ock cultures. 
It was thought that labile metabolites produced by bacterial 
metabolism might escape .detection by the systematic assay of 
single growth factors or growth factors in combination. The next 
experimental work dealt with pre-conditioning of media fortified 
with growth factors for ~. histolytica by allowing the as sociated 
bacterial flora to multiply in the medium for 24 hours. The pre-
conditioned medium was then dialyzed and the dialysate was tested 
for its ability to support amebic growth free of bacteria. The 
dialysis procedure removed all living bacteria and large molecular 
weight substances. The ingredients of the medium which was pre-
conditioned vdth bacterial growth are listed below. 
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Pre-condition Medium 
Ringer solution 
Normal horse serum 
Sodium thioglycollate 
Ribonucleic acid 
Desoxyribonucleic acid 
Dextrose 
Folic acid 
Cyanocobalamine 
Citrovorum factor 
Fructose-1,6-diphosphate 
Oxalacetic acid 
Aden me 
Uracil 
Thymine 
Guanine 
Xanthine 
Rice flour 
Sodium bicarbonate 
750 ml 
250 ml 
0. 5% 
o. 5% 
o. 5% 
0.5% 
0.1% 
0.1% 
0.05% 
0.1%. 
0.05% 
0.01% 
0.0116 
0.01% 
0.01% 
0.01% 
200 mg 
to adjust to pH 7 
Egg slants were overlayed with 4.0 m1 of the dialysate; peni-
cillin, streptomycin and rice flour were added prior to inocula-
tion with the ameba stock culture. The growth of amebas in this 
culture medium was excellent and numerous subcultures without 
bacteria were possible, although indefinite maintenance of the 
amebas in this medium has not yet been accomplished. Table XIV 
summarizes the results obtained in the pre-conditioned medium. 
The whole pre-conditioned medium supported amebic growth best, 
whereas, the whole medium minus DNA was slightly inferior, and 
the whole medium minus RNA was much poorer in maintaining amebic 
growth. The whole medium minus RNA and DNA was quite poor. It 
is interesting to note that RNA and DNA tested as growth factors 
did not stimulate amebic growth, yet when incorporated into the 
pre-condition medium the bacterial growth produced some essential 
intermediate hydrolysis product(s) which the amebas require. 
To further test the hypothesis that some intermediate 
break-down product(s) of nucleic acids are growth factors for 
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E. histolytica, studies were performed using nucleases. Ribo-
nucleic acid was treated with ribonuclease and desoxyribonucleic 
acid was treated with desoxyribonuclease; the products of hydro-
lysis were added to the basal medium along with other growth fac-
tors. This medium supported bacteria-free amebas for 4 subcultures; 
similar media lacking in the enzyme-digested nucleic acids did not 
survive beyond the first subculture. The ameba populations in 
these cultures containing enzyme-digested nucleic acids were not 
as high as in the pre-conditioned medium. 
Although the amebas can not as yet be maintained indefi-
nitely in the absence of other living organisms, temporary pure 
cultures have been maintained for 6 or 7 subcultures for a total 
of 22 to 25 days. These cultures should be valuable in studying 
additional nutritional requirements of~. histolytica. Metabolic 
and immunologic studies with these cultures should also prove 
valuable. 
Table VII summarizes the probable growth requirements of 
E. histolytica as determined by these studies. 
Serological Studies 
Rabbits were immunized with bacteria-free amebas (grown 
in the basal medium fortified with ribose-5-phosphate and adeno-
sinetriphosphate). Sera of these rabbits possessed precipitins 
detectable by the agar gel double diffusion method. Usually two 
distinct lines appeared in the agar gel suggesting that the ameba 
antigen consists of two different components. Occasionally a 
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third line was observed which could be removed by adsorption with 
bacterial cells indicating that some residual bacterial antigenic 
material still remained in the bacteria-free ameba antigens. How-
ever, even after repeated adsorption with bacteria, two lines re-
mained. The rabbits developed ameba antibodies within a week after 
the first series of antigen injections; the antibody levels fell 
within several months after immunization. 
Immunization with formalin-treated, frozen and thawed 
amebas by intravenous injection yielded the best precipitin pro-
duction. It is difficult to explain the relatively poor antibody 
response obtained with living trophozoites as the antigen. 
These studies also indicated that the ameba antigens 
rapidly lost their activity, as determined in agar gel plates, even 
when stored in the frozen state (Table XV). Antigen preparations 
kept longer than 70 days did not possess any activity. It is also 
evident from Table XVI that the ameba populations are important 
in preparing an active antigen. Below a minimal ameba concentration, 
the antigen had no activity. It appears that the greater the total 
number of amebas in the antigen preparation the more potent is the 
antigen. 
Control antigens composed of associated bacterial flora, 
egg, and rice flour did not react with anti-ameba rabbit sera. Ad-
sorption of ameba antisera with bacteria-free ameba trophozoites re-
duced the antigen-antibody precipitin reactions in the agar gel. 
~TII 
Probable crowth requ1remBDta ot 1. hit\ol.Ytica 
Jactora 
water 
Inorganic aalta 
~rote ina 
Lip14e 
Cuboqbatet 
.Aa1no acida 
Choleaterol. 
Titamine 
Heat-labile tactora 
Other eaaential factor• 
B8ducinc coD!ittona 
Rild.Dation of ~pn 
Source in atock culturet 
(cont&iaip« btottrt&) 
Vater 
Serum, ecc, 'N.cter1al 
cella, rice tlour 
tice tlour, tel"Wil, ecg 
Serua, ecce rice tlour 
Jacterial crovth 
Rice tleur 
Bacterial crovth 
Bacterial crovth 
Jacterial crovth 
!acterial crovth 
Jacter 1al crorih 
Source in bacteri-tree 
cul.tvea 
Water 
SeZ"'Ol, ecc, rice tlour 
Stra, eg, rice flour 
Rice flour, 1erma, ecc, 
dutroae 
Serull• eu, rice flour 
J4en1M, e:uani.De, eyto11ne, 
xanthiDe, uracil 
i.ice flour 
Jd.enoeinetriphoaphatt 
Coenz~ .A., CoeDZJM I, 
Coenspe II 
Riboae-5-phoephate, 
CitroTorum factor, tructoae-
1,'-diphoephate, folic acid 
Sodi'UIIl thioglTCollate 
Taspar aeal 
Antisera to the NRS strain of E. histolytica were tested 
against other ameba antigens. The results are tabulated in Table 
XVII. Cross reactions were obtained between the NRS-antisera and 
E. histolytica (K-9, DKB, 335 and NRS-Goldman), Endamoeba coli 
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and Endolimax~ antigens. These reactions with other protozoan 
antigens were not tested under rigorously controlled conditions 
since they were prepared from amebas containing their associated 
bacterial flora. 
The agar gel method for detecting E. histolytica precipi-
tins was successfully employed with hmnan sera. Blood was obtained 
from a medical student (D.K.) who had been diagnosed as having 
amebic dysentery by repeated stool examination. A positive reac-
tion (three lines) was obtained in the agar gel between D.K.'s 
serum and the bacteria-free ameba antigen. Several additional 
blood samples were obtRined from D.K. f ollowing chemotherapy with 
chloroquin and diodoquin. Three weeks after the first course of 
treatment there were only two lines present when the serum was 
assayed in the agar gel. Attempts to cult ure the subject's amebas 
were unsuccessful. 
Two other medical students (H.G. and R.H.) with recent 
amebic dysentery were studied. Unfortunately the blood samples 
were t aken 3 to 4 months after the infection had been cleared 
with chemotherapy. No precipitin reactions were observed with 
H.G.'s serum and only a slight reaction (one line) was obtained 
with R.H.'s serum. Subject C.R., who had been operated upon with 
the removal of an amebic granuloma, was studied. No reaction in 
the agar gel was seen. 
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The results of the "culture inhibition tests" are recorded 
in Table XVIII. Incorporation of ameba antisera into bacteria-
free ameba cultures resulted in a variable decrease in total ameba 
populations. Greatest inhibition of the amebas in culture was ob-
tained by rabbit antisera (immunized by intravenous injections). 
Sera from subjects with past histories of amebic infection reduced 
the total ameba count per low power field but the extent of inhi-
bition was not too great. In no case did ameba antisera cause 
complete inhibition of E. histolytica growth in culture. 
DISCUSSION 
The studies on the cultivation of Endamoeba histolytica 
indicate that the nutritional requirements are quite complex and 
that the maintenance of this protozoan in pure culture is no easy 
task. However, the identity of many of the growth factors for E. 
bistolytica has been established under bacteria-free conditions. 
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The addition of these factors to the basal culture media increased 
the growth of amebas several hundred fold over the control cul-
tures containing no growth factors. It appears that most of the 
growth factors determined here are usually supplied by the meta-
bolizing bacteria in stock cultures since the single limiting 
factor which was controlled in these experiments was the bacterial 
growth. In the absence of bacterial multiplication, ameba-stimu-
latory substances must be supplied artificially. Since t he bac-
terial as sociates f urnish so many growth factors for E. histolytica 
it is quite understandable that many workers (for example, Balamuth; 
Rees et al.; Lwoff) found that multiple bacterial associated cul-
tures of the amebas grew more abundantly than mono-bacterial asso-
ciated cultures. Karlsson and Nakamura (1952) observed that Reest 
~. histolytica-organism t (a monobacterial ameba culture) and 
Balam.uth'-s E. histolytica-Escherichia coli cultures grew much 
better if a second or third bacterial species was introduced to 
the cultures. It was also noted that monobacterial associated ruaeba 
cultures had a tendency to die without any specific reasons; the 
fluctuations in amebic growth in these cultures were greater than 
in a multiple bacterial f lora ameba culture. 
Rees et al. (105), Balamuth (7), and Saito (115) tested 
numerous species of bacteria for their ability to support amebic 
growth and found that certain species would support a monobac-
terial ameba culture while others would not. Yet two species 
which would not support amebic growth when studied separately 
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would support amebic growth when present together as a duobac-
terial associate. These findings are in line with the present 
observation that many growth factors are required by ~· histolytica; 
all of these may not be produced by a single species while a 
multiple flora would produce the necessary growth f act ors f or the 
amebas. 
To date very few studies have been done to de termine 
the exact nutritional requirements of the amebas . The majority 
of studies· performed with ameba cultures containing a flourishing 
bacterial flora is of little value since t he re are s o many variable 
factors involved. For example, components described by others 
are in fact growth factors for the bacteria which would stimulate 
bacterial metabolism which in turn would indirectly stimulate 
amebic growth. Only the studies of Jacobs (1947), Shaffer et al. 
(194S), and Karlsson~ al. (1952) can be considered as contri-
buting to the growth requirements of E. histolytica since these 
studies were performed in environments either lacking in viable 
bacterial cells or under conditions whereby bacterial activity 
was inhibited (although a few viable bacteria were present). 
In spite of the fact that many growth factors have been 
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identified for ~- histolytica, no metabolic pattern becomes evi-
dent. Glucose was added to the culture media as a source of car-
bohydrate yet there is no evidence that it is utilized directly. 
Geiman and Becker (1953) found radio-active carbon in the ameba 
cell components when cl4-tagged glucose was included in the culture 
medium. On the other hand, DeLamater and his group (60) find no 
evidence for glucose utilization by the amebas; in fact, they feel 
that maltose may be a more important carbohydrate source for the 
amebas. Manometric studies have indicated that glucose may act 
as a substrate for ameba metabolism (Kun, 1953; Nakamura, 1953). 
Fructose-11 6-diphosphate has been shown for the fir st time in this 
study to be involved in the metabolism of E. histolytica. Far too 
little information is presently available regarding the carbohy-
drate metabolism of this pathogenic organism. 
The nucleic acid metabolism appears to be quite important 
in the growth of the amebas as indicated by t he fact that all of 
the purine and pyrimidine bases acted as growth factors. The ob-
servation that ribonucleic acid and desoxyribonucleic acid did not 
stimulate ameba activity in the absence of bacteria is not sur-
prising since many mioroorganisms cannot ut ilize pre-formed 
nucleic acids even though the nucleic acids may be a constituent 
of the cells. j. histolytica probably carries on an active syn-
thesis of nucleic acids if supplied with the proper basic compo-
nents. The finding in these experiments that ribose-5-phosphate 
is required by the amebas fits into the general pattern of nucleic 
acid synthesis since ribose-5-phosphate is an important component 
of ribonucleic acid. The nuclease hydrolysis experiments indicated 
that products formed during digestion of nucleic a cids were 
utilized by the amebas for multiplication. The i ntermediates 
may have been phosphorylated pentoses, nucleosides or nucleotides. 
Adenylic acid (a nucleotide) stimulated ameba growth in these 
studies (Table X). It should be pointed out that several of the 
substances tested were obtained from Nutritional Biochemicals 
Corporation and some of the substances were not 100 per cent pure. 
It is possible that the impurities present had t heir own ameba 
growth stimulatory activity. 
Pre-conditioning of media containing ribonucleic acid 
and desoxyribonucleic acid by the associated bacteria produced 
a medium rich in necessary growth factors for the amebas. The 
dialysis of the pre-conditioned medium supported amebic growth 
in pure culture for the longest period (6-7 transfers; 22-25 
days). During the pre-conditioning the bacteria produced labile 
intermediates of nucleic acid metaboli sm; the reduction in ameba 
numbers in pre-conditioned media lacking ribonucleic and desoxy-
ribonucleic acids bears this out. 
Further evidence in support of the concept that nucleic 
acid metabolism is of prime importance is the fact that citrovorum 
factor, foli c acid and vitamin B12 were e s sential t o amebic growth. 
These compounds are neces sary in the biosynthetic rea ct ions of 
nucleic acids and pyridine nucleotides. The exceptionally good 
response of the amebas to diphosphopyridine nucleotide and tri-
phosphopyridine nucleotide has been emphas ized in t he Results. 
Coenzyme A also showed ameba-stimulatory properties. All three 
of these coenzymes contain in their molecular makeup purines 
and ribose-5-phosphate. Ribose-5-phosphate is probably the 
single most important component in ameba pure cultures which 
must be added to the medium. It is unfortunate, due to its exhor-
bitant cost, that desoxyribose-5-phosphate could not be assayed. 
Adenosinetriphosphate, a high-energy compound, was also 
found to be a growth factor for ~· histolytica. This compound 
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may very well be the heat-labile, unstable substance that many 
workers in the past had described yet could not identify (12S, 129). 
Adenosinetriphosphate would be essential to the amebas for moti-
lity and for many biochemical reactions necessary for growth and· 
multiplication. It is difficult to imagine that such a basic 
substance should be required by the amebas as a gro\~h factor, 
yet Trager (1950) showed that adenosinetriphosphate was a growth 
factor for the malaria organism. 
Certain enzymes, contained in the associated bacteria, 
probably are lacking from the amebas since they are dependent to 
such a large extent on bacterial metabolism. The succinoxidase 
system has been shown to be growth-stimulatory to the amebas. This 
system may have been active partially due to its redox-potential 
lowering effects. Since most anaerobes produce the enzyme catalase, 
it was thought that perhaps supplying this enzyme would increase 
ameba numbers (in the absence of accompanying bacteria). However, 
in repeated experiments a beneficial effect due to catalase could 
not be detected. As early as 1947, Jacobs realized the importance 
of a low redox potential in cultures of~· histolytica. Others, 
too numerous to mention, had suspected that maintaining a reduced 
environment would benefit ameba growth. Bacterial growth in 
stock cultures will lower the oxidation-reduction potentials in 
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the ameba cultures and keep the potentials low over a period of 
several days. To satisfy this reduced environment sodium thio-
glycollate was included in the medium along with a vaspar anaerobic 
seal. These procedures were not so important during the first day 
of the bacteria-free ameba cultures, but their beneficial effects 
were observed when the culture tubes were kept for 10 days or so. 
Mere manipulative introduction of oxygen (air) during withdrawal 
of the culture sediment was toxic to amebic cultures. 
The relationship between the amebas and the bacteria is 
one of a complex dependence on the part of the amebas. The bac-
teris do not supply a single growth factor nor even a few; a 
whole barrage of metabolites produced by the bacteria during its 
growth is required by the amebas. Some of these substances, 
according to the present investigation, are simple, soluble, dif-
fusable compounds while others are complex, highly labile, high 
molecular weight compounds. These data do not conform with 
Karlsson's studies (71) which led him to conclude that autoclaved 
bacterial cells are gro,rth factors for the amebas only if they 
are engulfed by the amebas. In both Karlsson's work and the 
present work numerous extracts of bacteria obtained by a variety 
of methods did not promote ameba growth. Perhaps particulate 
matter which can be engulfed by the amebas is essential as 
Anderson and his co-workers have maintained during the past 10 
years (1). 
The exact role of starch is yet unclear. Withdrawal of 
starch from the basal medium led to poor ameba yields. According 
to Michaelson et al. (83) starch is mainly a source of vitamins 
and amino acids rather than a carbohydrate source. As a matter 
of fact, they believe that starch can be substituted by a combi-
nation of vitamins (especially of the B complex), amino acids 
and maltose. 
It is felt from these studies that a pure culture of 
E. histolytica which can be maintained indefinitely is in the 
offing in spite of the conclusions of many who have entered and 
left the field of ameba nutrition. Many of the required growth 
factors have been identified; these can be artificially incorpo-
rated into the culture medium. Perhaps the identification of a 
few more growth factors which have escaped detection will per.mit 
the growth of ~. histolytica in the absence of all other associa-
ted microorganisms. 
One of the major reasons for the poor progress in the 
immunology of E. histolytica in the past has been the lack of a 
pure culture of this organism. The ameba antigens prepared by 
the earlier workers (containing a variety of bacterial species) 
were far from being specific. Another important reason why 
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serological studies have been unsatisfactory is the unavailability 
of a potent antigen. Most of the ameba antigens were prepared 
from ameba cultures containing very few amebas and large numbers 
of bacteria. Also the antigens may have been used in serological 
testing after they were no longer active due to their age. 
In Craig's publications it is stated that only a small 
percentage of the antigens prepared possessed any activity as 
determined by the complement fixation tests. Then it is not sur-
prising that others who prepared ameba antigens according to 
Craigr.s technique often were unable to find any correlation be-
tween clinical amebiasis and the complement fixation reactions 
(as indicated in Table V). This difficulty in preparing a good 
potent antigen is perhaps the major reason for the described dis-
crepancies in the literature regarding serological diagnosis of 
amebiasis. 
In these studies it was found that rabbits may be immu-
nized by the injection of!· histol~tica trophozoites from cul-
ture. This in itself is not unique; many workers in the past 
have done this (see Review of the Literature). However, this is 
the first time immunization has been accomplished by a temporary 
pure culture of amebas. Also, in these studies the total numbers 
of amebas injected were far larger than earlier workers have used. 
It is suggested, for the first time in these studies, that the 
ameba is made up of two antigenic components since the antisera, 
when tested in the agar gel plates , f ormed two distinct lines when 
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reacted with the bacteria-free ameba antigen. This reaction was 
specific for the ameba since it could be reduced by adsorption of 
the sera with large numbers of amebas; also, the ameba antisera 
did not react with the bacterial antigens nor with the culture 
medium antigens. 
Some cross reactions occurred between E· histolytica 
antisera and other intestinal protozoa. Goldman (53, 54) and 
Heathman (63) observed similar cross reactions. Of the 10 dif-
ferent E. histolytica strains surveyed serologically against the 
NRS-E. histolytica-antisera, only 4 strains reacted with this 
antisera produced in rabbits. This may have been due, in part, 
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to low ameba populations in the antigen preparations. Dr. Balamuth, 
who prepared 4 antigens for this study, stated in communication 
that the total pool of amebas per antigen preparation contained 
100,000 to 240,000 amebas. The ameba antigens prepared by Dr. 
Goldman contained approximately 200,000 amebas per pool; these 
ameba numbers are far fewer than the NRS antigen prepared in 
these studies (1 to 2 million amebas per pool). Many workers 
(Spector; Craig; Weiss and Arnold; Menendez) have concluded 
that all strains of E. histolytica are immunologically identical. 
Bozicevich (13, 14) feels that there are several immunological 
types of E. histolytica and that in order to prepare commercial 
antigens that can be used successfully a polyvalent ameba antigen 
mixture is necessary. 
The evaluation of the agar gel method of testing human 
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sera can not be made until more serum samples have been studied. 
However, the preliminary tests conducted indicate that this may 
become a useful adjunct in the diagnosis of amebiasis. The success 
of this test will depend solely upon the potency of the ameba 
antigen prepared under bacteria-free conditions as described here. 
Further investigations along this line should prove highly fruitful. 
A new method of detecting ameba antisera has been des-
cribed in the "culture inhibition test". Incorporation of anti-
sera in the bacteria-free medium for E. histolytica, in substitution 
for the normal sera, lead to the reduction in ameba multiplication. 
Antisera contain a component which inhibits ameba growth; this 
may be similar to the material described by Shaffer et al. (132, 
133) which reduced the phagocytic ability of the amebas. Similarly, 
Cole and Kent (1953) described an "ameba-immobilization-test". 
However, non-specific immobilization occurred which makes this 
test of doubtful value. It is agreed by everyone in this field 
that a sensitive, specific serodiagnostic test for amebiasis is 
greatly needed. 
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SUMMARY 
1. The identity of growth factors for Endamoeba histolytica 
has been established under bacteria-free conditions. The 
growth factors were: ribose-5-phosphate, adenosinetriphosphate, 
diphosphopyridine nucleotide, triphosphopyridine nucleotide, 
Coenzyme A, purines, pyrimidines, citrovorum factor, cytochrome 
c, fructose-1,6-diphosphate, pantetheine, vitamin B12, folic 
acid and oxalacetic acid. 
2. E. histolytica may be grown without bacteria in media fortified 
with the growth factors for 9 to 10 days. Subcultures were not 
possible except in media containing ribose-5-phosphate, adeno-
sinetriphosphate, diphosphopyridine nucleotide and autoclaved 
bacterial cells. 
3. A medium containing nucleic acids and the growth factors was 
pre-conditioned with the associated bacteria; the dialysate 
of this pre-conditioned medium supported pure, bacteria-free 
cultures of E. histolytica for 6 to 7 subcultures for a total 
of 22 to 25 days. 
4· The probable nutritional requirements of E. histolytica are 
outlined. 
5. Rabbits have been immunized with a bacteria-free ameba antigen 
prepared by freezing and thawing formalin-treated pooled tropho-
zoites from cultures. 
6. Rabbit antisera contained two distinct precipitating antibodies 
which were produced in response to the ameba injections; assay 
of the antisera was accomplished in the agar gel double 
diffusion plates. 
7. Cross reactions of~· bistolytica antisera with ot her intes-
tinal protozoa were studied. 
B. Human sera from subjects with current or past history of 
amebiasis were studied serologically. 
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TAU XTIII 
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field aner Jeo4 d.qa of Inhibition 
i.Dcubation (aT~. of 4 of control 
4fttrp1yt1ona 
loraal rabbit aerum (control) 17, 0 
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Jlaan antberaa (C. :a.) '0 ~.8 
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~damoeba histolytica, the etiological agent of amebiasis, 
was first cultivated in the presence of associated bacteria by 
Boeck and Drbohlav (Am. J. Hyg., 5: 371-407, 1925). Since that 
time nu.erous workers have attempted to culture the amebas free 
of bacteria but have been unsuccessful. The majority of studies 
on the cultural requirements of this protozoan has been compli-
cated by the presence of more than one species of bacteria. 
Therefore, the nutritional studies on E. histolytica have been 
very meager. A pure culture of this organism is essential to the 
elucidation of its metabolism, physiology, and immunology. It 
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was the purpose of this investigation to identify growth factors 
required by the amebas so that a pure culture may become available. 
In order to control the associated bacteria during the 
assay of growth factors, penicillin and streptomycin were added 
to the culture medium in high concentrations. This concentration 
of the antibiotics was shown to sterilize the bacterial flora yet 
have no detrimental effect on the amebas. Many compounds were 
tested for their ameba-growth-promoting activity under bacteria-
free conditions. The test medium consisted of egg slants over-
layed with normal horse serum in Ringer solution, dextrose, sodium 
tbioglycollate, rice starch, antibiotics and a vaspar anaerobic 
seal. 
An increase in ameba multiplication in the absence of 
viable bacteria occurred when certain growth factors were included 
in the medium. Among the many substances tested, the following 
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were found to be growth factors for ~· histolytica: ribose-5-
phosphate, adenosinetriphosphate, diphosphopyridine nucleotide, 
triphosphopyridine nucleotide, coenzyme A, uracil, thymine, xanthine, 
cytosine, guanine, adenylic acid, citrovorum factor, cytochrome c, 
fructose-1,6-diphosphate, pantotheine, vitamin B12, folic acid and 
oxalacetic acid. These substances tested individually increased 
ameba-populations 30 to 200 fold. Control tubes containing the 
basal medium but lacking the growth factors had ameba counts of 1 
per low power microscopic field at the end of 3-4 days of incubation. 
Cultures fortified with the growth factors survived (without trans-
fer) for 9-10 days whereas control tubes had no viable amebas after 
3-4 days of incubation. 
Autoclaved associated bacterial cells also stimulated ameba 
multiplication in cultures containing no living bacteria. These 
findings are in line with the work of Karlsson et al. (Am. J. Trop. 
Med. Hyg., 1: 548-551, 1952; Exper. Parasitol., 1: 347-352, 1952) 1 
who identified a growth factor in autoclaved cells. These workers 
stated that growth factors can be identified by single experiments 
provided that the bacteria that normally supply these components 
are killed or are dying. 
When ribose-5-phosphate, adenosinetriphosphate, and auto-
claved bacterial cells were combined the ameba counts were from 200 
to 250 per low power field. However, repeated attempts to transfer 
the cultures into fresh media containing the same factors resulted 
in failure until diphosphopyridine nucleotide was incorporated 
into the medium. The basal medium to which was added ribose-5-
phosphate, adenosinetriphosphate, autoclaved bacterial cells and 
diphosphopyridine nucleotide supported amebic growth in pure cul-
ture for 3 subcultures for a total of 14-15 days. 
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Ribonucleic acid and desoxyribonucleic acid tested indivi-
dually and in combination failed to stimulate ameba growth; however, 
purine and pyrimidine bases greatly increased ameba numbers. It 
was thought that nucleic acid metabolism played an important role 
in the growth of E. histolytica. Perhaps some intermediate(s) of 
nucleic acid metabolism was being supplied by the bacteria in stock 
cultures. To test this hypothesis media containing ribonucleic 
acid, desoxyribonucleic acid and the growth factors thus far identi-
fied were pre-conditioned with a 24-hour growth of the associated 
bacterial flora. After this pre-conditioning, the medium was dia-
lyzed and the dialysate employed as the culture medium by overlaying 
egg slants. Growth of the amebas was excellent and successful sub-
cultivation into fresh dialysate medium was possible for 6-7 trans-
fers for a total of 22-25 days. 
The importance of intermediates of nucleic acid metabolism 
for ameba growth was further verified by studies done with enzymatic 
hydrolysis of nucleic acids. Ribonucleic acid was hydrolysed with 
ribonuclease and desoxyribonucleic acid was hydrolysed with desoxy-
ribonuclease. The solution containing the digested nucleic acid in 
combination with the growth factors was tested for its ability to 
support bacteria-free amebas. The growth of E· histolytica was 
excellent and 4-5 subcultures were possible in this medium, whereas 
similar media to which the enzymatic digest was not added did not 
maintain the amebas beyond the first culture. 
Although bacteria-free pure cultures of~· histolytica have 
been carried for close to a month, an indefinite culture is still 
not possible. It is felt that the identification of a few more 
growth factors which have escaped detection will permit the growth 
of amebas in the absence of an associated organism. 
Rabbits have been immunized with a temporarily maintained 
bacteria-free ameba antigen prepared by freezing and thaving forma-
lin-treated trophozoites from cultures. This is the first report 
of successfUl immunization of experimental animals with an ameba 
antigen containing no bacteria. Workers in the past have immunized 
animals with amebas from cultures containing large numbers of bac-
teria, therefore, it was difficult to determine whether the reac-
tion observed was a specific one for the amebas or one due to the 
ever-present bacteria. 
The rabbit antisera were tested against the amebas using the 
agar gel double diffusion technique of Ouchterlony (Acta Path. et 
Microbiol. Scandinav., 26: 507-515, 1949). It was observed that 
E. histolytica probably contains at least two antigens since two 
definite precipitate lines appeared in the gel. Both lines could 
be reduced by adsorption of the antisera with bacteria-free ameba 
trophozoites. The fact that the ameba antisera did not react with 
antigens prepared from the associated bacterial flora nor with 
culture medium antigens establishes that these reactions were 
specific for ameba components. 
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Cross reactions were observed between~. histolytica anti sera 
and Endamoeba coli and Endolimax nana antigens. ~· hi s t olYtica-NRS 
strain antisera were reacted with antigens prepar ed from ten other 
~· histolytica strains; four of the other strains produced a posi-
tive agar gel reaction. Since these antigens were prepared from 
ameba cult ures with a much lower total ameba population, a negative 
reaction may have been due merely to a weak antigen. It wa s found 
in these studies that antigens prepared from cultures wit h a large 
ameba population were superior to antigens prepared f rom fewer 
amebas. Below a minimal ameba population, the antigen was without 
activity as determined in the agar gel plat e. Ameba antigens also 
lost their activity after 70 days even when stored in t he frozen 
state (- 24 c). 
Immunization of rabbits was more effective when frozen and 
thawed, formalin-treated amebas were inject ed intravenously as com-
pared to the injection of live trophozoites intravenously, subcu-
taneous injections, or subcutaneous injections with adjuvant. The 
antibody response in the rabbits was rapid; on the other hand the 
antibody level fell very rapidly as no reaction was observed in the 
agar gel with sera drawn two months after the last immunization 
injection. 
Sera from human subjects with present or r ecent histories of 
clinical amebiasis were studied in the agar gel. The sera from an 
individual with current amebic infection produced t wo precipitin 
lines in the agar gel when tested against t he NRS antigen. After 
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chemotherapy the sera reacted with the formation of only one line. 
Of the sera collected from two other subjects with past histories 
of j. histolytica infection one gave a single reaction line in the 
agar gel, the other did not react. A subject who had been operated 
upon with the removal of an amebic granuloma was studied. No reac-
tion was obtained in the agar gel against the NRS antigen. It is 
possible that negative reactions observed were due to differences 
in the strains of amebas involved. The numbers of human subjects 
tested thus far are too few to make any conclusions regarding the 
value of the agar gel test in the serodiagnosis of amebiasis; 
however, in view of the fact that no serological test known currently 
is entirely satisfactory, this technique may be worthy of further 
experimentation. 
It was further found that rabbit antisera inhibited ameba 
growth in bacteria-free cultures, although in no instance was total 
inhibition obtained. This reduction in ameba multiplication was 
probably due to the presence of antibodies which inhibited the 
growth of amebas. Similarly Shaffer et al. (Proc. Soc. Exper. 
Biol. and Med., ~: 21-24, 1954) found that ameba antisera inhibited 
the phagocytic ability of~. histolytica and Cole and Kent (Proc. 
Soc. Exper. Biol. and Med., ~: 811-814, 1953) reported on an ameba-
immobilization-test for amebiasis. 
